The effect of hydrostatic pressure and partial Na substitution on the normal-state properties and the superconducting transition temperature (Tc) of K1−xNaxFe2As2 single crystals were investigated. It was found that a partial Na substitution leads to a deviation from the standard T 2 Fermi-liquid behavior in the temperature dependence of the normal-state resistivity. It was demonstrated that non-Fermi liquid like behavior of the resistivity for K1−xNaxFe2As2 and some KFe2As2 samples can be explained by disorder effect in the multiband system with rather different quasiparticle effective masses. Concerning the superconducting state our data support the presence of a shallow minimum around 2 GPa in the pressure dependence of Tc for stoichiometric KFe2As2. The analysis of Tc in the K1−xNaxFe2As2 at pressures below 1.5 GPa showed, that the reduction of Tc with Na substitution follows the Abrikosov-Gor'kov law with the critical temperature Tc0 of the clean system (without pair-breaking) which linearly depends on the pressure. Our observations, also, suggest that Tc of K1−xNaxFe2As2 is nearly independent of the lattice compression produced by the Na substitution. Further, we theoretically analyzed the behavior of the band structure under pressure within the generalized gradient approximation (GGA). A qualitative agreement between the calculated and the recently in de Haas-van Alphen experiments 1 measured pressure dependencies of the Fermi-surface cross-sections has been found. These calculations, also, indicate that the observed minimum around 2 GPa in the pressure dependence of Tc may occur without a change of the pairing symmetry.
I. INTRODUCTION
Recently, KFe 2 As 2 (K-122) has attracted special attention due to several unusual physical properties such as a very large quasiparticle effective mass 1, [3] [4] [5] [6] and superconductivity (SC) with nodes in the superconducting gap [4] [5] [6] [7] [8] [9] . Such a large mass enhancement is usually ascribed to the presence of pronounced correlation effects. 10 However, in the present case the nature and the strength of these correlation effects as well as the symmetry of the superconducting order parameter are still under debate. Some experiments were interpreted in favor of s ± -wave SC with accidental nodes 9,11-13 whereas other favor d-wave SC 5, 7, 8, 14, 15 . Based on their theoretical calculations the authors of Ref. 16 argue that the electronic correlations are enhanced in the strongly hole-overdoped K-122 as compared to lower hole doping levels in other 122 systems due to the changes in the Fermi-surface topology. This might affect the low-energy spin excitation spectra and cause an increasing density of states (DOS) at the Fermi energy E F . However, this calculation underestimates the correlation effect found experimentally. Recently, it was proposed that the unexpected large effective mass enhancement of the order of 9 to 10 could be related to the proximity of an orbital-selective Mott transition for K-122 4 . The relation between the enhanced correlation effects and the SC remains still unclear. Therefore, tuning of the physical properties of K-122 by external or chemical pressure and disorder can provide more insight into the pairing symmetry and the present correlation effects.
Recently, several studies of the physical properties of K-122 1,2,17-21 and its sister compounds Cs-122 [21] [22] [23] , and Rb-122 [24] [25] [26] [27] under external pressure have been reported. F.F. Tafti et al. observed that the superconducting critical temperature T c of K-122 at first monotonically decreases with increasing hydrostatic pressure, then reaches a minimum at P ∼ 1.7 GPa (we adopt from Ref. 2 referring P = 1.7 GPa as critical pressure), and finally shows a reversal behavior 2, 21 . The value of the critical pressure is nearly independent of the amount of the disorder in K-122 but it is reduced in the unsubstituted clean Cs-122 21 . However, V. Taufour et al., showed that the pressure dependence of T c for K-122 is sensitive to the pressure medium 19 , and that for the best pressure (hydrostatic) conditions the reversal behavior of T c is replaced by a broad minimum followed by a nearly pressure independent T c value above 2.5 GPa. From the almost pressure independent behavior of the Hall coefficient extrapolated to T = 0 as well as from the residual resistivity, it was concluded that the topology of the Fermi surface does not change across the critical pressure. 2, 28 This point of view was, also, supported by recent de Haas-van Alphen (dHvA) measurements under pressure, where at least two small but accessible Fermi surface sheets (FSS), namely the smallest cylinder α around the Γ-point and the propeller blade-like FSS ǫ around the X point of the Brillouin zone (BZ), do not show a Lifshitz transition up to 2.47 GPa.
1 The evolution of the Fermi surface is accompanied by a reduction of the effective quasi-particle masses without any special feature at the critical pressure. The reduction of the effective masses and the decrease of T c up to the pressure about 2 GPa can be qualitatively explained by a reduction of coupling constants. In order to explain the T c minimum it was supposed that at the critical pressure a change of the superconducting gap symmetry from d-wave to s ± -wave 2,21 or from nodal s ± -wave to a nodeless one 1 should occur. The fast increase of the inelastic scattering rate at the critical pressure obtained from the transport measurements supports such a hypothesis. 21 Alternatively, V. Taufour et al. proposed that a change of symmetry under pressure may not occur at all. 19 These authors empirically supposed that the critical pressure could be a consequence of anisotropic pressure derivatives, since the pressure derivatives along the a axis and the c axis are negative and positive, respectively. In this case, the critical pressure corresponds to the critical pressure in the ab plane above which the slope of T c (P ) depends on the value of ∂T c /∂P c > 0, only, whereas ∂T c /∂P ab ≡ 0 for P ≥ 2 GPa. These authors have also shown quantitatively that the behavior of the upper critical fields in crossing the critical pressure can be accounted for by k z modulations of the superconducting gap, only.
The amount and type of disorder provide additional possibilities to tune the superconducting properties. Recently, the effect of Na substitution on the superconducting and the normal-state properties of K-122 was investigated. 5, 7 It was shown that the temperature dependence of the specific heat of K 1−x Na x Fe 2 As 2 single crystals can be explained by multiband d-wave SC. The disorder induced by the Na substitution suppresses the small superconducting gaps and leads to gapless SC with a large residual DOS. The specific heat jump scales approximately with a power-law, ∆C el ∝ T β c , with β ≈ 2 determined by the impurity scattering rate, in contrast to most iron-pnictide superconductors described by the remarkable Bud'ko-Ni-Canfield (BNC) scaling ∆C el ∝ T 3 . 18,29 However, the Na substitution might also produce chemical pressure which could additionally affect T c .
In this work, we show that a partial Na substitution produces non-hydrostatic chemical pressure with a larger compression along the c axis. Thereby the netto (total) effect of the chemical pressure on T c is strongly reduced due to anisotropic pressure derivatives with different signs along the c and a(b) axis. Therefore, the pressure dependence of T c0 (without pair-breaking) and the corresponding coupling constant are nearly independent of the Na substitution. Furthermore, we present a theoretical analysis of the band structure of KFe 2 As 2 under pressure within the first-principles density functional theory in the generalized gradient approximation (GGA). The calculations indicate that the minimum in the pressure dependence of T c can be qualitatively explained by a relatively small non-monotonic variation of the density of states (DOS) at the Fermi level. In general, our results suggests that the superconductivity in K-122 is driven by a single leading band.
II. EXPERIMENTAL K 1−x Na x Fe 2 As 2 single crystals with a typical mass of about 1-2 mg and several mm in-plane dimensions were grown by the self-flux method. The compositions and the phase purity of the investigated samples were determined by an EDX analysis in a scanning electron microscope, and by x-ray analysis; for details see Refs. 5,7. The two stoichiometric KFe 2 As 2 samples were prepared using different fluxes: S1 from a FeAs flux and S2 from a KAs one, for details see Refs. 30, 31 . Additionally, we performed single crystal diffraction measurements at room temperature and at T = 100 K. The crystallographic parameters were extracted from single crystal diffraction data. The room temperature single crystal X-ray diffraction data were collected on a Bruker Kappa APEX-II CCD diffractometer using Mo-Kα radiation. φ-and ω-scans were recorded with an increment of 0.3, integration and corrections for oblique incidence and polarization were performed within SAINT 32 . A multiscan absorption correction was applied using SADABS 33 . Structure solutions and refinements were done with the JANA2006 package 34 . Single crystal X-ray diffraction analysis at T = 100 K was carried out with an IPDS (STOE) diffractometer using graphite monochromated Mo-Kα radiation. Numerical absorption corrections were applied for both data sets with transmission coefficients of T min /T max = 0.0077/0.3052 and 0.0495/0.06333, respectively. The structures were solved and anisotropically refined with the SHELX program package. 35 The relative Na/K contents were included into the refinements as an independent parameter (x).
The temperature dependence of the electrical resistivity was measured by the standard four-contact method in the Quantum Design Physical Property Measurement System (PPMS). The temperature dependent, zero-fieldcooled (ZFC) magnetization under pressure was measured in a Quantum Design MPMS-SQUID magnetometer down to 1.8 K in a magnetic field of 10 Oe. The samples position was not perfectly fixed during the magnetization measurements under pressure. Therefore, in some cases samples could be tilted with respect to the applied field direction after the application of the pressure. This affects the amplitude of the superconducting diamagnetic signal (due to a variation in the demagnetization factor) as can be seen in Fig. 2 . However, the defined T c values are not affected considerably, since the measurements were performed at low applied magnetic field as compared to the critical fields of the investigated samples.
For the DC magnetization measurement under pressure, we used a commercial pressure cell easyLab Mcell 10 tailored for a MPMS of Quantum Design for the pressure measurements up to 1 GPa and a homemade pressure cell (HPC) for the pressure measurements up to 3 GPa. The HPC has been constructed for a commercial MPMS. Its cell design is mostly related to a diamond anvil cell (DAC), in which two opposing cone-shaped ceramic anvils compress a gasket that serves as the sample chamber. [36] [37] [38] A supplied uniaxial pressure will be transformed into uniform hydrostatic pressure by using Daphne7373 oil as transmitting medium. The cell can be equipped with different types of sample chambers, for which the sample space varied between either 0.7 mm in diameter and 0.4 mm in depth, or on the other hand 0.3 mm in diameter and 0.2 mm in depth. Using these different chambers a maximum hydrostatic pressure up to 3 GPa and 6 GPa can be generated, respectively. Each mechanical part of the pressure cell, except for the anvils, is made from a very low-magnetic CuBe alloy, which allows measurements at a weak background signal of the cell itself. 39 Additionally, the magnetization data have been corrected for the contribution of the background signal by subtracting the extrapolated (below T c ) background signal obtained at T > T c . The pressure was determined at low temperatures using superconducting Sn in case of the Quantum Design pressure cell and Pb in case of the homemade cell as a low-temperature pressure gauge.
For most of the measurements the pressure dependence of T c was linear up to 1.5 GPa (see Fig. 3 ). However, using the easyLab Mcell 10 pressure cell in some cases we observed deviations from a linear T c (P ) dependence at pressures below 0.1 GPa. To verify the origin of this behavior at low pressures, we performed additional measurements in a He-gas CuBe pressure cell up to the maximum pressure of 0.5 GPa. In the experiment a CuBe cell connected to a He-gas compressor was used for finite P measurements. 40 An In sample was used for an in-situ determination of the pressure. 41 The use of 4-He as a pressure-transmitting medium ensures truly hydrostatic pressure conditions at low temperatures.
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The susceptibility data have been corrected for the contribution of the sample holder, including the pressure cell, which was determined independently. In the case of the experiments with He as a pressure medium the non-linear behavior in the T c (P ) dependence at low pressures was not observed. Therefore, we may conclude that the observed deviation from the linear T c (P ) dependence is related to deviation from the hydrostatic conditions. In this work, we consider the data with a linear T c (P ) dependence at low pressure, only, assuming that in this case the measurements where performed under hydrostatic pressure conditions.
III. RESULTS

A. Resistivity and Magnetization
Fig . 1 shows the T dependence of the electrical resistivity ρ(T ) of K 1−x Na x Fe 2 As 2 single crystals. To remove the uncertainty in the absolute value of ρ(T ) between our transport data and the published one in literature associated with geometric factors, we used a normalization procedure as proposed in Ref. 8 . In this way, the resistivity data ρ(T ) of each sample were multiplied by a factor ρ(300K) /ρ(300K), where ρ(300K) is the measured resistivity of the sample at T = 300 K and ρ(300K) = 0.36 mΩcm is our average resistivity value over all of our samples at T = 300 K. Below we show only normalized ρ(T ) data. To fit the data below 15 K, we used the standard single-band expression
The obtained residual resistivity ρ 0 monotonically increases with the Na doping level as shown in Fig. 1a .
In turn, T c decreases with the increasing ρ 0 in accord with the presence of the disorder induced pair-breaking. 5 We have found that the exponent n is always below 2: n ≈ 1.8 for our stoichiometric K-122 samples and it decreases to n ≈ 1 for the single crystals with a high Na substitution level. In the case of single-band materials such a deviation from a T 2 dependence would signal a non-Fermi liquid (nFL) behavior. For example, the deviation from the FL behavior in the strongly disordered K-122 has been interpreted as evidence for quantum criticality 43 . However, in a multiband system, which K-122 is, the deviation from the T 2 behavior can be observed even in the case when all i bands behave like ρ(
For the resulting resistivity of the multiband system we have:
Strictly speaking, in the case of K-122 a four (five) bandmodel should be considered, if one neglects (takes into account) the small 3-dimensional band near the Z point of the BZ (see Fig. 7 ) with 8(10) independent parameters. To demonstrate that the data can be fitted by Eq. 2 we considered for the sake of simplicity an effective two-band model as shown in Fig. 1a. (The details of the fitting parameters are given in Table I .) As can be seen, a two-band analysis results in quite different A i values. The value of the coefficient A 1 is close to the values reported for K-122 compounds obtained using the single-band Eq. 1. 14, 19 . However, the value of the coefficient A 2 is about one order of magnitude larger than that of A 1 . This difference can be understood if we con-
where n is the density of the carriers, N 0 (0) is the bare density of states (DOS) at the Fermi energy, υ ab is the bare Fermi velocity in the ab plane, and ω * is the frequency which determines the magnitude of the frequency dependent term in the imaginary part of the self-energy and contains all of the many-body effects. 44 Then, the ratio A 2 /A 1 ∼ 10 can be explained by the ratio of ω * 2 1 /ω * 2 2 , only, by taking into account rather different band dependent quasiparticle effective masses for K-122 3, 4 . Therefore, the obtained parameters (see Table I ) have reasonable values for the K 1−x Na x Fe 2 As 2 system under consideration which suggests that the nominally nFL behavior of the total ρ(T ) can be explained by a multiband effect with all bands in a FL state. Using this criterion for the critical temperature similar T c values are obtained from our magnetization data and from specific heat measurements performed on the crystals from the same batch 30, 31 . This T c criterion results in slightly lower T c values than that obtained from the zero-resistivity value usually used as a criterion for T c in the transport measurements under pressure. 2, 19 However, the observed small discrepancy between these two criteria does not affect the main conclusion of our work. It is seen in Fig. 2 that T c of all samples monotonically decreases with pressure up to about 2 GPa. The sample S2 (x = 0) was measured up to the maximum pressure of about 3 GPa Fig. 2b . It is seen in Fig. 3a that the pressure dependence of T c for this sample has a shallow minimum at about 2 GPa in accord with the data obtained in the experiments with He as a pressure medium.
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The pressure dependence of T c for our K 1−x Na x Fe 2 As 2 system and the available data in the literature for K-122, 1, 2, 17, 19, 21 Cs-122 21 and Rb-122 26 are summarized in Fig. 3a . One can see that K 1−x Na x Fe 2 As 2 and stoichiometric K-122 with different T c values at zero pressure exhibit a similar pressure derivative dT c /dP ≈ -1 K/GPa. However, the sister compounds Rb-122 and Cs-122 show clearly different pressure derivatives -1.35 K/GPa and -0.85 K/GPa, correspondingly. As was shown in our previous work, the T c of the K 1−x Na x Fe 2 As 2 system at zero pressure is defined mainly by a single strongly coupled superconducting band.
5 To demonstrate that the Na substitution suppresses T c due to the pair-breaking effect, only, and that it does not affect the superconducting coupling constants λ we analyzed our experimental data adopting the single-band Abrikosov-Gor'kov (AG) formula modified for the d-wave case
where α = 1/[2τ eff T c0 ] is the pair-breaking parameter and 1/τ eff ∝ ρ 0 is the effective scattering rate due to impurities created by the Na substitution. The quantities τ eff , and T c0 can be pressure dependent. Taking this into account, we have found that all available data for the K 1−x Na x Fe 2 As 2 system and the disordered K-122 crys- tals can be fitted by the AG formula assuming that the critical temperature of the clean system (without pairbreaking impurities) varies linearly with pressure and can be approximated by T c0 (P ) = 3.56 K −1.11P up to P ≈ 1.5 GPa. In contrast, it is found that τ ef f is pressure independent. In general, the observed AG behavior in the K 1−x Na x Fe 2 As 2 system may be considered as a justification that Na acts as a pair-breaking impurity in agreement with Ref. 5 .
The independence of T c0 (P ) on the Na concentration is illustrated in Fig. 3b , where we plot the normalized T c /T c0 (P ) versus the residual resistivity ρ 0 measured at zero pressure divided by T c0 (P ). It is seen that all available data up to 1.5 GPa scale on a single curve. The observed scaling indicates, also, that both τ ef f and ρ 0 ∝ 1/τ ef f is nearly pressure independent. The insensitivity of ρ 0 to pressure for K-122 is confirmed experimentally.
28 Interestingly, the Cs-122 data can be scaled to the same curve using their different T c0 (P ) = 2.8K − 0.85P , only. Note, that the clean limit T c0 (P = 0) = 2.8 K is rather reasonable for Cs-122 compound taking into account available literature data. [21] [22] [23] . For example, the reported in Ref. 22 T c ≈ 2.6 K is quite close to our adopted T c0 (P = 0) value.
B. Crystal structure
It is well known that isovalent chemical substitution in iron pnictides suppresses the SDW phase and can induce superconductivity (see for example Refs. 46, 47) . In this case one of the relevant factors which controls the phase diagram is the change of the structure parameters 48 . This effect can be considered as a chemical pressure.
To understand the effect of the Na substitution on the lattice parameters, we performed single crystal diffraction measurements at room temperature and at T = 100 K. Selected crystallographic results are given in Table II . The lattice parameters of K 1−x Na x Fe 2 As 2 single crystals obtained at T = 300 K are compared with the experimental data for K-122 21 obtained at room temperature (Fig. 4a) and the lattice parameters obtained at T = 100 K are compared with the results of our DFT calculations relevant for low temperature (Fig. 4b) . We note that the lattice parameters only weakly depend on temperature below T ∼ 100 K 49 . It is seen in Fig. 4 that the chemical pressure due to the Na substitution produces a stronger effect along the c axis by about a factor of 2 -3 than in the ab plane as compared to the hydrostatic external pressure effect on K-122. Taking into account that T c of K-122 is equally sensitive to uniaxial pressure applied in the ab plane and along the c axis (∂T c /∂P ab ≈ −∂T c /∂P c ) with the resulting superposed pressure derivative dT c /dP = 2∂T c /∂P ab + ∂T c /∂P c 17 , we can conclude that the chemical pressure effect on T c due to the Na substitution is rather weak. 50 This provides additional support for our assumption that the main reason of the 21 b) Close symbols -the experimental data for K1−xNaxFe2As2 obtained at T ≈ 100 K. Solid lines -theoretical calculations corresponding to the low-temperature regime. Inset: single crystalline diffraction pattern of (hk0), and (h0l) planes for a Na doped crystal.
observed T c suppression in Na doped crystals is given by the pair-breaking effect.
IV. THEORETICAL ANALYSIS
To get a better understanding of the pressure effect on T c we performed a density functional theory (DFT) based theoretical analysis of the band structure under pressure. 
A. Computational details
The calculations were performed using the Vienna Ab-Initio Simulation Package (VASP) 51, 52 within the generalized gradient approximation (GGA) 53 . The Perdew, Burke and Ernzerhof (PBE) 54 functional was used to calculate the exchange-correlation potential. We used projected augmented-wave (PAW) pseudopotentials 55 for all the atomic species involved, and in order to achieve a satisfactory degree of convergence the integrations over the Brillouin Zone (BZ) was performed considering 12×12×8 and 24×24×24 uniform Monkhorst and Pack 56 grids for the conventional (4 K, 8 Fe and 8 As atoms) and single formula unit (1 K, 2 Fe and 2 As atoms) cells, respectively, and energy cutoff up to 500 eV. The Fermi surface cuts of chosen lattice structures (see below) as a function of k z have been computed using a 64 × 64 × 4 k-points grid.
B. Band structure and Fermi surfaces
We studied the influence of the structural properties on the electronic paramagnetic (PM) band structure of KFe 2 As 2 . In Fig. 5 , we report the calculated band structure considering the experimental 49 and the optimized lattice constants in the PM phase. The predicted (theoretical) and experimental lattice constants are compared in table III. In spite of relatively small differences between experimental and theoretical lattice parameters (in a range of 1 -2 %), the Fermi surface cross-sections calculated with experimental lattice parameters reveal important differences with respect to the theoretical calculated ones. The radii of the Γ-centered hole Fermi surfaces, namely α, ζ and β, do not change sensibly, while the small electron-pockets around the X point shrink considering the theoretical lattice constants. The small (but irrelevant) electron pocket at Z is found to become larger using the theoretical lattice parameters. Since the discrepancy between theoretical and experimental crystal lattices affects bands, in the further analysis we stick to the experimental structure 49 : we consider this one as the reference geometry at P = 0, i. e., z exp As = z As (P = 0), a exp = a(P = 0), and c exp = c(P = 0). Then, we extracted the lattice parameters calculating the compressibility for the z stants, obtained in this way, are given in Tab. IV. These data was also used for the analysis of the chemical pressure (see Fig. 4b ). The calculated band structure and Fermi surface cross-sections with these lattice parameters are given in Figs. 6, and 7 for different pressures. We underline that experiments found the two outermost FSS around the Γ point not intersecting 3 , however, DFT-GGA find them crossing. Keeping into account this effect on the band structure, the orbital character of the Fermi Surface is the following: i) the main contribution to the α FS is from d z 2 (along the ΓZ direction) and from d xz+yz (along the ΓX direction) orbitals; ii) we call ζ the band with character d xy (the green FS along the ΓZ direction which becomes red along the ΓX, see Fig. 7) ; iii) in the same way, we refer to β the FS with d xz+yz character (the outermost red FS along the ΓZ direction becoming the middle green one along ΓX, see Fig. 7) ; iv) the main contribution to the lobes ǫ near the X point is from d xz+yz and d xy ; v) the character of the three dimensional FS at the Z point (orange band in Fig. 7) is d xy .
In order to understand the origin of the reversed behavior of T c under pressure, first, we compared the band structure at ambient (P = 0 GPa), close to the critical pressure (P = 1.66 GPa) and at high pressure (P = 3 GPa), shown in Fig. 6 . The shape of the relevant Fermi surfaces are not strongly affected in this range of pressure, indicating that the origin of the non-monotonic pressure dependence of T c is not due to changes of the Fermi surface topology in accord with experimental findings. 
V. DISCUSSION
The total density of states (TDOS) for different values of pressure is presented in Fig. 8 . At zero pressure TDOS has a minimum at energies of a few meV above 
KFe2As2 band structure for the experimental lattice structure (taken as P = 0 GPa geometry) and lattice parameters extrapolated with compressibility at 1.66 and 3.00 GPa (see Tab. IV). the Fermi level, which is followed by a peak in TDOS.
Applying pressure leads to a redistribution of the states, that formally looks like Fermi level moves up through the minimum towards the sharp peak. As a result TDOS at the Fermi-level first decreases with the pressure, has a minimum at the pressure of about 2 GPa and increases back as shown in the inset of Fig. 8 .
The change of the DOS may affect T c . As it was shown from thermodynamics, in the clean limit the T c0 of K-122 is determined mainly by a single band. 5, 8, 11 For further discussion we adopt the model proposed in Ref. 5 with coupling constants λ z ≈ 0.9 and λ φ ≈ 0.8. In this case the critical temperature can be written as ln(ω b /T c0 ) = (1 + λ)/aλ, where ω b is the characteristic bosonic frequency of the superconducting "glue", λ = λ z ≈ 0.9 is the coupling constant and a = λ φ /λ z ≈ 0.9. Then, assuming that ω b and a are pressure independent, for the pressure dependence of T c we have Taking into account that λ = gN i , with g as the effective interaction and N i as the partial density of states (PDOS) of the leading superconducting band, then for small variations of g and N the variation of the critical temperature under pressure can be written as
As shown in Fig. 9 the partial density of states (PDOS) of the various FSSs behave differently with pressure. N α (0) weakly depends on pressure up 4 GPa while N β+ζ (0) decreases from 0 to 1.66 GPa by about 20% and then remains practically constant. At this point, it is clear that the weak increase of the TDOS above 2 GPa (Fig. 8) comes mainly from the ǫ band. Indeed, the N ǫ (0) increases up to 4 GPa as it can be seen in Fig. 9 . The non-monotonic pressure dependence of N β+ζ (0) resembles the experimentally observed T c0 (P ) dependence (Fig. 3) . Using Eq. 4 one can estimate from N β+ζ (0) that it corresponds to a decrease of the critical temperature from T c (P = 0) ≈ 3.5 K down to T c (P = 1.66 GPa) ∼ 2.5 K assuming that g is pressure independent. However, within a more quantitative study the change of the pairing interaction g (see Eq. 5) and of the spin-fluctuation spectrum, i.e, ω b , under pressure should be taken into account, too. Above P = 1.66 GPa T c would remain nearly constant. This is consistent with a broad mini- mum in the pressure dependence of T c reported in Refs. 1,19 and observed in our data, too (see Fig. 3 ). Note, that due the overlap of the β (mainly of xz + yz orbital content) and ζ (mainly of xy orbital content) FSSs we could not separate them unambiguously. However, as shown in Fig. 10 the orbital-projected PDOS for all bands except xz + yz decreases in the whole pressure range. Therefore, based on our theoretical analysis we suggest that the experimentally observed non-monotonic pressure dependence of T c is related to the xz + yz band. Then, the β FSS, predominantly having xz + yz character (experimentally the middle ζ FSS 3 ), is responsible for the superconductivity in the K-122 compound. We note, that the presence of a nodal SC gap of about 0.7 meV (as estimated from our specific heat data 5 ) on the middle FSS is in a quantitative agreement with the laser ARPES experiments.
9 However, the observed very large nodeless SC gap on the inner FSS 9 disagrees with the specific heat data. Therefore, further investigations are required to understand this discrepancy.
In this context, the observed AG-type scaling of the pressure dependencies of T c for nodal K,Na-122 and Cs-122 suggests that these compounds have the same superconducting gap symmetry. However, the Cs-122 and the (K,Na)-122 systems have different T c0 and hence different coupling constants. In the case of extended s-wave pairing symmetry such as s± -wave SC with accidental nodes, the nodal position is not fixed on the Fermi surface 8, 57, 58 . Therefore, nodes can be lifted by impurities, pressure or isovalent substitution. In some cases a reentrant behavior of the nodes can be observed. 58 In contrast, for K,Na-122 single crystals we observed a monotonic increase of the residual electronic specific heat C el /T with Na substitution and a nearly Na independent T 2 behavior of C el at low-temperature. 5,7 Therefore, our data are consistent with a symmetry protected d-wave SC in these compounds which is stable at least up to the pressure where T c has a minimum (see Fig. 3b ). Finally, we compare the calculated Fermi surface cross sections with the experimental ones obtained from dHvA measurements 1 . These dHvA experiments show, that the size of the lobes near the X-point decreases with pressure and that of the α cylinder weakly increases up to 2.47 GPa, the maximum pressure reached experimentally. The trend in the calculated Fermi surface cross sections for this pressure range, i.e, up to 2.5 GPa (see Fig. 7 ) is consistent with the corresponding dHvA frequencies. However, increasing the pressure above 2.5 GPa, e.g. in the case of 3 GPa shown in Fig. 7(d) , the size of the lobes maintain their dimension. Thus, this prediction could be verified experimentally by studies around this pressure.
For this purpose, in Tab. V we collected the calculated cross section of various FS bands, dHvA frequencies and the m * /m e ratios as found in the literature from both measurements and simulations. Together with them, we add our GGA results calculated for the experimental crystal structure. The dHvA frequencies and the m * /m eratio have been estimated calculating the extremal FS areas and the relative orbit frequencies using its implementation in the SKEAF code 59 . The GGA calculated FS cross sections are in qualitative agreement with respect to the experiments (except ǫ FS). However, the theoretical m * /m e ratios essentially underestimate experimental values pointing to sizable correlation effects in accord with a previous study. In this context we note that the observed large difference of the effective resistivity coefficients A 1 and A 2 discussed above (see Tab.I), is likely to be caused by the high-energy mass renormalizations and not related directly to the pairing interactions. This suggestion is also consistent with the significant pressure dependence of the approximate effective single A coefficient reported by V. Taufour et al. 19 . At this point, we extended the study to high pressure and we report the results of calculated dHvA frequencies and we compared them with experimental measurements.
1 The results obtained in the calculations are shown in Tab. VI for the FS's shown in Fig. 7 . We observed that the largest dHvA frequency increases for the α-band as a function of the pressure, in agreement with experiment.
1 At the same time, the lowest frequency slightly decreases with pressure overestimating the increase of the three dimensionality of the electronic structure under pressure as compared to experiment. 1 We confirm, moreover, the absence of a Lifshitz transition under pressure. 65 Note, that the variation of the TDOS at the Fermi level in the pressure range up to 3 GPa is below 15% as shown in Fig. 8 . Such a relatively small variation of the TDOS for multiband systems can be hardly distinguished in experiments such as transport measurements. Therefore, we suppose that the observation of a nearly pressure independent Hall coefficient and residual resistivity 2,28 cannot exclude such relatively small variations of the DOS.
VI. CONCLUSION
In conclusion, we investigated the effect of hydrostatic pressure and Na substitution on the superconducting and the normal-state properties of KFe 2 As 2 . We have found that the Na substitution noticeably affects the lattice parameters which can be considered as a non-hydrostatic chemical pressure. However, the comparison of the external hydrostatic pressure with the chemical pressure shows that the total effect of the structural changes on T c due to Na substitution is rather weak. Therefore, the main mechanism of the T c suppression in Na doped crystals is a weak pair-breaking effect caused by disorder. The Na substitution enhances the residual resistivity and leads to a formal non-Fermi liquid behavior in the temperature dependence of the resistivity. We have shown that this deviation from the T 2 behavior can be described by multiband effects due to different effective quasi-particle masses for different bands. The pressure dependencies of T c for the K 1−x Na x Fe 2 As 2 system can be described by the single-band Abrikosov-Gor'kov-type scaling curve using the Na independent critical temperature in a clean limit T c0 (P). These observations additionally confirm that the T c suppression for Na substitution is mainly caused by the pair-breaking effect. The pressure dependence of T c for CsFe 2 As 2 can be also scaled on the same curve, however, with a different T c0 (P). These results suggest the same pairing symmetry for this compound as for the K 1−x Na x Fe 2 As 2 system. Additionally, we performed theoretical investigations of the band structure of KFe 2 As 2 under pressure within the generalized gradient approximation. Our results suggest, that the observed pressure dependence of T c can be explained by the non-monotonic variation of the PDOS of the xz + yz derived band under pressure without a change of the pairing symmetry. This xz + yz derived band is supposed to be most relevant for the superconductivity of the K 1−x Na x Fe 2 As 2 system.
